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Abstract 

Due to the power constraints imposed on wireless sensor and communication networks 
deployed on a planetary surface during exploration, energy efficient transfer of data 
becomes a critical issue. In situations where groups of nodes within a network are located 
in relatively close proximity, cooperative communication techniques can be utilized to 
improve the range, data rate, power efficiency, and lifetime of the network [1]. In 
particular, if the point-to-point communication channels on the network are well modeled 
as frequency non-selective, distributed or cooperative beamforming can employed [2]. 
For frequency-selective channels, beamforming itself is not generally appropriate, but a 
natural generalization of it, time-reversal communication (TRC), can still be effective. 
Time -reversal processing has been proposed and studied previously for other 
applications, including acoustical imaging [3], electromagnetic imaging [4], underwater 
acoustic communication [5], and wireless communication channels [6-8]. 

In this paper, we study both the theoretical advantages and the experimental perfonnance 
of cooperative TRC for wireless communication on planetary surfaces. We give a brief 
introduction to TRC and present several scenarios where TRC could be profitably 
employed during planetary exploration. We also present simulation results illustrating the 
performance of cooperative TRC employed in a complex multipath environment [9, 10] 
and discuss the optimality of cooperative TRC for data aggregation in wireless sensor 
networks [11, 12]. 
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*** Background - Forward-Channel Impulse Response 




A5A Background - Time-Reversed Channel Response 
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*** Background - Multiple Receivers 
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ASA Background - Cooperative Time-Reversal 
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ASA Background - Cooperative Time-Reversal 
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ASA Background - Cooperative Time-Reversal 
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Properties - Optimality Lemma 
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* SA Properties - Implications of lemma 
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* SA Properties - Implications of lemma 
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NASA Simulated Performance Results - Environment 
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ASA Simulation Results - Transmitted Waveform 
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ASA Simulation Results - Example Received Waveforms 
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ASA Simulation Results - Spatial Power Distribution 
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ASA Simulation Results - Pulse Estimation and Timing Errors 
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A<1A Simulation Results - Growth Rate of Peak Power 
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ASA Applications - Cluster-to-Cluster Communication 
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A<1A Cluster-to-Cluster Comm - Training for A to B 
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N * SA Cluster-to-Cluster - Training for B to A 
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ASA Cluster-to-Cluster Comm - Transmission from A to B 
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*** Cluster-to-Cluster Comm - Transmission from B to A 
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Applications - Adaptive Sensor Interrogation 
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Adaptive Sensor Interrogation - Low-Rate, High- 
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Adaptive Sensor Interrogation - High-Rate, Low- 
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vasa Applications - Data Aggregation in WSNs 
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ASA Data Aggregation in WSNs - Network Protocol 
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ASA Data Aggregation in WSNs - Network Protocol 
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• TRC can improve network life time by an order of 
magnitude for low-duty cycle operations. 
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